Cultivation of paddy rice in semiarid areas of the world faces problems related to 9 water scarcity. This paper aims at characterizing water use in a set of paddies located 10 in the central Ebro basin of Spain using experimentation and computer simulation. A 11 commercial field with six interconnected paddies, with a total area of 5.31 ha, was 12 instrumented to measure discharge and water quality at the inflow and at the runoff 
Introduction

43
In water-scarce regions of the world rice cultivation is often criticised for using too 44 much water. Tuong and Bhuiyan (1999) 
51
A number of authors (Keller et al., 1996; Perry, 1999) 
110
The field was equipped with an underground low-pressure concrete pipeline for 111 surface irrigation water delivery to the six paddies. When used for rice irrigation the 112 irrigation system was modified by the farmer so that water could continuously run 113 from paddies 1 to 6. The concrete pipeline was only used to deliver water from the 114 irrigation ditch to paddy 1, from 2 to 3, and from 4 to 5. The rest of the connections 115 were performed using either the drainage system (1 to 2) or by breaching the paddy 116 dikes (from 3 to 4 and from 5 to 6). In this last case, a plastic sheet was used to line the 117 breach in order to prevent erosion. The connections between paddies were 118 continuously regulated by the farmer in order to maintain flow depth in the paddies at 119 target levels. The water levels and the regulations were performed in an empirical way. 
123
The cropping period involved the 143 days separating flooding from physiological 124 maturity.
125
weather station. Mean annual temperature was 14.3ºC, and mean annual precipitation 128 was 525 mm. The mean annual reference evapotranspiration (ET 0 ) was 1,304 mm (Faci 
129
and Martínez-Cob, 1991). The soil temperature regime was classified as thermic (Soil
130
Survey Staff, 1999), while the soil moisture regime was xeric, according to the available 131 soil water holding capacity (Jarauta, 1989 
154
Inflow-outflow water quality 155
Water samples were collected at the inlet of paddy 1 (I1) and the outlet of paddy 6 (O6) 156 during the three experimental seasons. In each season, between 37 and 46 samples of (nitrate and ammonia).
161
Evapotranspiration estimation 162
An automatic agrometeorological station was installed in paddy 5 (Figure 1 ). This 
176
Rice evapotranspiration for half-hour periods was determined by solving the energy 177 balance equation: 
191
Soil heat flux at the soil surface was determined as follows (Allen et al., 1996) : 
235
For a particular half-hour period and measurement height, the computed ls value was 236 discarded if less than 5r (Snyder et al., 1996) 
261
Measuring discharge between paddies was not an easy task. The critical-flow 262 conditions required to install weirs or flumes were only satisfied in O3 and O5.
263
Outflows O1, O2 and O4 used underground pipes, making it difficult to measure 264 discharge in a continuous fashion. Additionally, measuring devices would interfere 265 with the usual practices of the farmer, who continuously regulates these inter-paddy 266 structures. As a consequence, no additional structures were built to measure discharge.
267
A water balance method was used instead to estimate average discharge during certain 
281
Water balance and irrigation performance 282
Water balance in the experimental field between times t 1 and t 2 can be expressed in 283 terms of volume as:
Where A is the field area, I is average irrigation input discharge (determined at I1); P 286 is precipitation; ET is evapotranspiration; DP is deep percolation rate; O is average 
292
The water balance Eq. 8 was then used to estimate discharge between paddies. For this 293 purpose, the equation was written for paddy j between two successive manual flow 294 depth measurements, 1 and 2. In this case, the infiltration rate was an input to the 295 equation: 
321
The volume of irrigation water beneficially used was made equal to the volume of rice 322 evapotranspiration.
323
Simulation model for paddy flow 324 
345
Six simulation scenarios were designed to evaluate alternative irrigation conditions.
346
One of the simulation scenarios reproduced the experimental conditions, and served 
366
Sodicity and salinity must be considered to understand the soil behavior. The soils in 367 the experimental field were moderately alkaline (pH < 8.5) and non-sodic, with SAR < 368 2 (Table 2) Table 3 show that EMh (regression #1) performed better than EMv
380
(regression #2) in predicting ECe, both in terms of R 2 and the standard error of the 
388
In these circumstances, separate regressions were performed for paddies 1 to 4
389
(regressions #3 and #4) and for paddies 5 and 6 (regressions #5 and #6) ( Table 3) 
460
Average rice evapotranspiration (ET) was 4.6 mm day -1 during May, and increased to 
499
The field outflow was much smaller than the inflow, showed smooth patterns, and 500 responded to the peaks in inflow with a delay of 2-3 days. While the average post-501 flooding inflow was 7.5 L s -1 , the average post-flooding outflow was 1.5 L s -1 .
502
Flow levels in the paddies 503
The time evolution of flow depth in all six paddies is presented in Figure 6 . Continuous 504 data is presented for paddies 1 and 6 since the installation of the data loggers in May 
517
Water balance, irrigation performance and infiltration estimation 518 Table 5 
535
Since this estimated value was negative and small, it was considered negligible in the 
546
Estimation of inter-paddy discharge equations 547 Figure 7 presents the derivation of parameters p and q in Eq. 10 for inter-paddy 548 discharge. While in some cases potential fit was adequate (O1 and O6, with respective 549 R 2 of 0.85 and 0.74), in other cases, such as O3 and O5, the regression model could not 550 explain 25% of the variability in discharge. In the case of parameter q, the estimated 551 values ranged from 0.94 to 3.2. As previously mentioned, outflow from paddy 6 was 552 recorded using a V-shaped weir. However, the farmer used his own structure 
558
Scenario definition and simulation results 559
The experimental results were used to build six simulation scenarios, characterized by 
582
The procedure used in this work to estimate inter paddy discharge was not robust 583 enough to derive time-dependent discharge coefficients for each paddy outflow. In any 584 case, a large proportion of paddy 6 flow depth observations followed the 1:1 line.
585
The different simulation scenarios provided answers to irrigation management 
598
The last two scenarios explored the reduction in post-flooding irrigation discharge.
599
Simulation of Q-cZ+ resulted in extended dry periods for the downstream paddies. For 600 instance, paddies 5 and 6 remained dry after mid June. As a consequence, reducing 
624
• Rice cultivation at the experimental farm does not allow substantial improvements 625 in irrigation efficiency through the adjustment of discharge, as most losses are due 626 to infiltration. Using a lower irrigation discharge would result in reduced runoff.
627
However, flow depths would be smaller, and -besides possible agronomic effects- 
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